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In  a  study  of  perforated  muzzle  brakes,  Nagamatsu,  Choi,  Duffy,  and  Carofano 
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In  this  report,  the  quantitative  and  qualitative  operational  characteristics 
of  the  recoil  system  used  on  the  T-62  Tank  are  presented.  The  operational 
characteristics  were  determined  by  testing  an  existing  system  in  a 
laboratory  environment  and  replicating  the  results  by  computer  simulation. 

The  goal  was  the  exploitation  of  the  Soviet's  technical  expertise  such  that 
the  design  of  our  defense  equipment  may  be  improved. 
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A  non-contact  video  inspection  system  has  been  developed  and  implemented  for 
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This  report  has  attempted  to  provide,  with  necessary  brevity,  a  basic  frame¬ 
work  for  understanding  the  macroscopic  and  microscopic  aspects  of  fracture  and 
fatigue  crack  propagation  in  engineering  materials  from  a  fracture  mechanics 
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In  the  last  twenty  years,  much  progress  has  been  made  with  the  continuum 
mechanics  characterization  of  crack  growth  rates  through  the  application  of 
linear  elastic  and  elastic-plastic  fracture  mechanics,  and  such  analyses  are 
now  in  widespread  use  for  defect-tolerant  design  codes.  Similarly,  an 
understanding  of  the  role  of  microstructure  in  improving  the  resistance  to 
fracture  and  fatigue  has  emerged  to  the  point  where  alloy  design  guidelines 
exist  for  the  production  of  alloys  with  optimum  resistance  to  fatigue  failure. 
However,  much  work  remains  in  the  definition  of  mechanisms  associated  with 
environmentally-influenced  crack  growth,  with  the  effect  of  variable  amplitude 
Loading,  with  the  problem  of  the  short  flaw,  and  in  the  fracture  of 
microscopi-:  structures  (e.g.,  packaging  problems  in  the  electronics  industry). 
These  problems  demand  an  interdisciplinary  approach  to  fracture  and  fatig,ue 
research  involving  applied  mechanics,  materials  science,  and  surface  chemistry 
studies,  and  clearly  offer  substantial  opportunities  for  further 
investigations  both  of  fundamental  nature  and  to  provide  reliable  engineering 
data  needed  in  the  design  and  maintenance  of  fracture  and  fatigue-critical 
structures. 
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We  discuss  mesh  moving,  static  mesh  regeneration,  and  local  mesh  refinement 
algorithms  that  can  be  used  with  a  finite  difference  or  finite  element  scheme 
to  solve  initial-boundary  value  problems  for  vector  systems  of  time-dependent 
partial  differential  equations  in  two-space  dimensions  and  time.  A  coarse  base 
mesh  of  quadrilateral  cells  is  moved  by  an  algebraic  mesh  movement  function  so 
that  it  may  follow  and  isolate  spatially  distinct  phenomena.  The  local  mesh 
refinement  method  recursively  divides  the  time  step  and  spatial  cells  of  the 
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moving  base  mesh  in  regions  where  error  indicators  are  high  until  a  prescribed 
tolerance  is  satisfied.  The  static  mesh  regeneration  procedure  is  used  to 
create  a  new  base  mesh  when  the  existing  ones  become  too  distorted. 

In  order  to  test  our  adaptive  algorithms,  we  implemented  them  in  a  system  code 
with  an  initial  mesh  generator,  a  MacCormack  finite  difference  scheme  for 
hyperbolic  systems,  and  an  error  indicator  based  upon  estimates  of  the  local 
discretization  error  obtained  by  Richardson  extrapolation.  Results  are 
presented  for  several  computational  examples. 
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were  titanium  carbide,  tungsten  carbide,  vanadium  carbide,  and  zirconium 
carbide.  The  liquid  phase  consisted  of  nickel  with  additions  of  molybdenum 
from  6.25  to  50.0  weight  percent  at  doubling  increments.  The  liquid  phase  or 
binder  comprised  10,  20,  and  40  weight  percent  of  the  pressed  powders.  The 
specimens  were  tested  using  three-point  bending.  Tungsten  czurbide  showed  the 
greatest  improvement  in  bend  rupture  strength,  flexural  modulus,  fracture 
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energy,  and  hardness  using  20  percent  binder  with  lesser  amounts  of  molybdenum 
i6.25  or  12.5  weight  percent)  added  to  nickel  compared  to  pure  nickel.  A 
refinement  in  the  carbide  microstructure  and/or  a  reduction  in  porosity  was 
seen  for  both  the  titamium  and  tungsten  carbides  when  the  alloy  binder  was 
used,  compared  to  using  the  nickel  alone.  Curves  depicting  the  above 
properties  are  shown  for  increasing  amounts  of  molybdenum  in  nickel  for  each 
carbide  examined.  Loss  of  binder  phase  due  to  evaporation  was  experienced 
during  heating  in  vacuum  at  sintering  temperatures.  In  an  effort  to  reduce 
porosity,  identical  specimens  were  processed  by  hot  isostatic  pressing  (HIP) 
at  15  ;<si  and  at  temperatures  averaging  110°  below  the  sintering  temperature. 
The  tungsten  carbide  and  titanium  cairbide  series  containing  80  and  90  weight 
percent  carbide  phase,  respectively,  showed  improved  properties  after  HIP, 
wnile  properties  decreased  for  most  other  compositions. 
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Collocation  and  finite  element  calculations  and  limit  solutions  were  -used  to 
orogose  standard  geometries  and  K  expressions  for  measuring  fracture  toughness 
witn  iro-bend  ohord-support  specimens.  Polynomial  expressions  for  X  were 
determined  for  a  wide  range  of  crack  length  and  for  two  span-to-depth  ratios, 
fracture  toughness  of  steel  and  aluminum  alloys  was  measured  using  the 
proposed  methods  and  compared  with  results  from  existing  standard  methods. 
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Ethylene  glycol  resulting  from  cooling  system  leaks  can  adversely  affect 
plating  properties  when  added  to  chromium  plating  and  associated  polishing 
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products  of  ethylene  glycol. 

DO  M73  cot-noM  or  .  wov  «s  is  ooeocete  UNCXASSIFIED 

85  SECUWITY  CUASSiriCATlON  or  THIS  PAGE  Dtm  BntT»d) 


86 


SKCUNITY  CLASSIFICATION  OF  THIS  FAOCrWfiwi  OMa  Snraraa) 


seCURirv  classification  of  this  face  rwhan  Oma  Stttmndi 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  FCPQRT  suMaen  |2.  sovr  accession  no. 

ARCCB-MR-88034  | 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  Title  rand  Subtitt») 

3ETER.MINATI0N  OF  RESIDUAL  STRESS  DISTRIBUTIONS 

IM  AUTCFRETT.RGED  TUBING:  A  DISCUSSION 

5.  type  OF  report  4  PERIOD  COVERED 

Final 

S.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AuTHO«r«> 

3caz  -V.'irzur 

a.  contract  or  grant  NUMBERr*; 

9.  ferforming  organization  name  ano  aooress 

US  Army  ARDEC 

Senet  Laboratories,  3MCAR-CC3-TL 

Watervliet,  NY  12189-4050 

10.  program  element,  project,  task 

AREA  4  WORK  UNIT  NUMBERS 

AWCMS  No.  6126.23.1BL0.0 

PRON  No.  1A82ZK24NMSC 

1  1  CON'TROLLING  office  NAME  ANO  AOORESS 

US  Army  ARDEC 

Glcse  Combat  .Armaments  Center 

Picatinny  Arsenal,  NJ  07806-5000 

12.  REPORT  DATE 

August  1988 

<3.  NUMBER  OF  pages 

19 

'4.  monitoring  agency  name  4  AOORESVf/  d/ffaranc  Inm  CoHtrottlnM  Oltlea) 

IS.  SECURITY  CLASS,  (ol  Mia  raport; 

UNCLASSIFIED 

ISa.  OECLASSI  FI  CATION/ downgrading 
SCHEDULE 

IS.  OISTRiauTION  STATEMENT  ra/ dlla  aaport) 

Approved  for  public  release;  distribution  unlimited. 

'7.  QlSTmfluTlON  statement  ('0/  aAatfacf  /n  5I«cJe  20.  tt  diUwrwnt  from  Rmpoft) 

supplementary  notes 

Submitted  to  International  Journal  of  Pressure  Vessels  and  Piping. 

^0.  <Ey  OOROS  fCanttms9  on  rmwmrmm  H  nmcmmmmrr  f4mntitr  Or  OlocA  mmibmr) 

Thic.k-Walled  T'ubing  Tresca  '  s  Yield  Criterion 
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Autofrettage  Retained  Stresses 

Yises '  Yield  Criterion 
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There  l3  a  long-standing  interest  in  developing  a  capability  to  predict  the 
distribution  of  residual  stresses  in  thick-wall  tubes  after  internal 
pressurization — autofrettage .  Since  autofrettage  involves  partial  or  full 
plast. c  deformation  of  the  tube,  any  computation  of  stress  under  pressure  and, 
nence  of  the  post-pressurization  residual  stresses,  depends  upon  the  ass'umed 
yield  criterion.  The  latter  may  or  may  not  include  the  material's  strain¬ 
hardening  and/or  strain-softening  capabilities.  The  most  commonly  used 
_  _  (CONT'D  ON  REVERSE) 


DO 


I  turn  n 


1473  cof-noM  OF  •  MOV  as  is  oosocetk 


UNCLASSIFIED 


SKCUWITY  CUASSIFICATION  or  Thu  PAaKfWh«>i  Omtm  Eniarw^ 


20.  ABSTPACT  (CONT'D) 

criteria  are  those  named  after  Tresca  and  Mises. 

In  the  absence  of  exact  solutions  for  plastic  deformations,  simplifying 
ass'umptions  concerning  the  material's  behavior  are  being  made  for  the 
development  of  workable  solutions,  sometimes  with  the  knowledge  that  certain 
physical  principles  are  being  violated. 

Many  suggested  solutions  to  the  problem  of  autofrettage  assume  that  Tresca 's 
yield  criterion  prevails.  .Pecent  attempts  to  treat  a  "modified  Tresca 's  yield 
criterion"  as  Mises'  yield  criterion  and/or  attempts  to  add  strain-hardening 
and, or  strain-softening  (Bauschinger  effect)  to  Tresca ' s  yield  criterion  are 
being  questioned  here. 
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The  total  thermal  resistance  Rtotal  is  proposed  as  a  parameter  for  evaluating 
thermal  shroud  design  and  performance.  The  primary  effect  of  this  parameter 
IS  to  resist  the  flow  of  heat  between  the  gun  barrel  and  the  external 
environment  which  may  result  in  the  production  of  temperature  asymmetries 
and  associated  muzzle  deflection. 
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A  theoretical  heat  transfer  model  of  the  shroud/gun  tube  assembly  predicts 
that  internal  convection  effects  in  conventional  air-gap  type  shrouds  impose 
a  definite  limit  on  the  thermal  resistance.  The  model  also  demonstrated 
that  surface  emissivities  on  the  shroud  interior  greatly  affect  the  radiation 
heat  transfer  between  the  shroud  shell  and  gun  tube,  and  that  the  thermal 
resistance  can  be  increased  by  incorporating  low  emissivity  materials  in  the 
design . 

To  support  the  theoretical  analysis,  a  laboratory  experiment  was  performed 
on  a  three-foot  long  shroud/tube  section.  The  assembly  was  externally 
heated  to  simulate  the  effects  of  direct  sun.  Cross-tube  temperature 
differences  were  recorded  to  assess  the  effects  of  radiation  heat  transfer 
for  different  configurations.  Tests  indicate  a  decrease  in  temperature 
difference  of  68%  in  the  air-gap  type  and  over  160%  in  the  insulated  type 
can  be  obtained  for  configurations  employing  foil  barriers  to  reduce  the 
internal  radiative  effects. 
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This  report  contains  a  reasonably  complete  description  of  the  analytical., 
ceonetricai ,  numerical,  and  computational  aspects  of  the  off-line  procrarminc 
of  ^  rotatinq-traversinq  composite  filament  winding  machine  for  wraceme 
general  axis'/mmetric  surfaces  of  revolution.  The  topics  addressed  are 
geodesic  winding  paths,  path/angle  relations,  quasi-geodesic  paths,  wratcable 
paths  and  surfaces,  path  behavior  near  turning  points,  a  square  root 
singularity  quadrature  formula,  piecevise  linear  approximation,  path 
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The  swage  autofrettage  process  is  often  used  to  produce  favorable  residual 
stresses  in  a  tube.  In  this  report  a  finite  element  analysis  of  the  swage 
autofrettage  process  is  presented.  The  nonlinear  finite  element  program 
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Measurements  were  made  on  high  strength,  low  allow  steel  cylinders  to  determine 
the  residual  stress  distributions  resulting  from  various  heat  treatments. 

Cylinders  of  239-mm  outer  diameter  and  94-mm  inner  diameter  were  austenitized 
at  843'’c  and  quenched  at  various  rates  to  93°C.  Residual  stress  measurements 
were  made  on  cylindrical  cross  sections  which  had  been  cut  from  the  larger 
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diffraction  techniques,  we  measured  tangential  and  radial  components  of  stress 
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This  study  addresses  the  stress-corrosion  cracking  susceptibility  of  liquid- 
phase  sintered  tungsten  alloys  during  long-term  storage.  These  alloys  are 
used  for  kinetic  energy  penetrators  in  military  applications  and  it  is 
essential  that  the  structural  integrity  of  the  penetrator  is  not  diminished 
due  to  the  combined  action  of  the  chemical  environment  and  the  residual 
manufacturing  stresses. 
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This  report  describes  test  methods  used  for  assessing  the  resistance  to  stress- 
corrosion  cracking  in  terms  of  the  stress  intensity  parameter,  Th® 

alloys  were  obtained  from  different  sources  and  had  up  to  10  weight  percent 
additions  of  selected  combinations  of  nickel  (Ni),  iron  (Fe),  copper  (Cu) ,  and 
cobalt  (Co),  and  different  process  variables.  CMtilever-bend  specimens  were 
used  and  the  test  environment  was  an  immersion  in  3.5  percent  sodium  chloride 
(NaCl)  aqueous  solution  followed  by  sustained  loading  in  95  percent  relative 
humidity  air. 

The  findings  of  this  study  were  as  follows:  (1)  Fracture  mechanics  was  shown 
to  give  a  good  assessment  and  ranking  of  the  resistance  to  stress-corrosion 
cracking  of  the  various  alloys.  (2)  Evidence  of  stress-corrosion  cracking 
was  found  in  the  region  controlled  by  the  stress  intensity  factor,  generally 
designated  as  region  III.  (3)  An  unloading  compliance  procedure  similar  to 
that  applied  in  J-integral  testing  was  shown  to  give  accurate  measurements  of 
stress-corrosion  crack  growth,  (4)  A  crack  closure  phenomenon  was  identified 
using  the  unloading  compliance  procedure  and  attributed  to  the  accumulation  of 
corrosion  products  between  the  crack  faces  following  certain  exposxire  times  to 
the  environment. 
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Tensile  fracture  and  interlaminar  mode  I  delamination  failure  may  be  considerec 
as  the  upper  and  lower  bounds  of  performance  for  fracture  of  fiber  composite 
Laminates.  While  these  failures  have  been  studied  extensively  in  the 
literature,  little  progress  has  been  made  towards  developing  an  understanding 
of  the  micromechanisms  of  the  failure  processes  which,  in  fact,  govern  the 
macroscopic  performance. 
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This  report  presents  the  results  of  a  theoretical  and  experimental 
investigation  of  the  effects  on  bore  strain  when  a  portion  of  the  wall 
thickness  of  a  steel  cylinder  is  replaced  with  organic  composite  material.  The 
pressure  vessel  is  pressurized  intenially  and  the  bore  strain  is  theoretically 
predicted  and  experimentally  measured  as  a  function  of  wall  ratio.  Theoretical 
results  for  various  ratios  of  steel  to  composite,  from  all-steel  to  all¬ 
composite,  are  given.  The  theoretical  solution  was  obtained  by  equating  the 
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In  a  study  of  perforated  muzzle  brakes,  Nagamatsu,  Choi,  Duffy,  and  Carofano 
calculated  the  three-dimensional  steady  flow  through  one  vent  hole  and  used 
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Class  Transition 
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Differential  scanning  calorimetry  is  a  reliable  and  effective  method  for  the 
quality  control  of  an  epoxy  resin  prepreg  material.  There  are  two  basic 
methods  for  determining  the  extent  of  cure  for  this  material,  the  glass  tran¬ 
sition  temperature  and  the  heat  of  reaction.  The  first  method  requires  the 
measurement  of  the  glass  transition  temperature  for  the  uncured  material  and 
the  glass  transition  temperature  for  a  fully  cured  material.  This  data  can 
then  be  used  to  determine  the  degree  of  cure  for  an  unknown  sample.  The 
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second  method  requires  the  measurement  of  the  enthalpv  of  the  cure  reaction 
for  an  uncured  material  and  relates  this  value  to  the  enthalpy  of  a  sample. 
The  use  of  one  or  both  of  these  methods  can  be  used  to  evaluate  an  epoxy 
resin  to  determine  the  extent  of  cure  of  the  material. 
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